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(54) Title: A SURGICAL NAVIGATION TOOL 




(57) Abstract: A navigation tool for locating an axis on or in relation to which an orthopaedic surgery procedure is to be performed 
includes a column member having upper and lower parts. The lower part can be fastened to a bone. The upper and lower parts are 
connected to one another with the mating surfaces in contact with one another in such a way that the upper and lower parts can be 
rotated relative to one another about an axis which is perpendicular to the mating planes. The tool also includes a guide having an 
opening extending through it, which is fastened to the upper part of the column member so that it extends transversely relative to the 
upper pan of the column member and can be moved relative to the upper part of the column member so as to change the distance 
between the opening and the point at which the guide is fastened to the upper part of the colunm member. 
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A SURGICAL NAVIGATION TOOL 
This invention related to a surgical navigation tool. 

It can be necessary in surgical procedures to drill a hole in a bone. The drilled hole might 
be used to fasten an implanted component or an instrument to the bone. It can be important 
that the location and orientation of the drilled hole is accurately controlled, for example to 
avoid damage to sxnrounding tissue. It can also be important to ensure proper positioning 
(for example location and alignment) of the component or instrument that is to be attached 
to the bone. 

It is kno^ for example to attach implanted components to a patient* s spinal column using 
screws which are inserted into holes drilled in the pedicle. Such components can be used 
for example to restrict or to prevent relative movement between vertebrae. The use of 
screws has advantages over other fixation techniques, for example using hooks, because of 
tiie greater control that is available over the location of the components, botii during and 
immediately after the surgical procedure, and also in tiie longer term. However, accurate 
location of the hole in the pedicle is fundamentally important in order to avoid damage to 
CNS tissue. 

It is common to plan a surgical procedure xising images of the patient's tissue, for example 
a CT image. This can be used to identify the site for fixation of an implant or an 
instrument, including for example the location and orientation of holes that have to be 
drilled in a patients bone. It is necessary then to move fi:om the cf image data to locate 
flie fixation site relative to the bone itself In the case of fixation to a patient's spinal 
column, it is an established technique to test the location of a fixation site by forming a 
pilot hole in the pedicle (for example using a drill bit or a pedicle probe). The hole can 
tiiea be probed to ensure that tiie pedicle wall has not been penetrated. However, accurate 
location of the hole relative to the patient's bone can require generation of image data, for 
^cample using X-ray or fluoroscopy techniques. 
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In one aspect, the present invention provides, an instnuxient for locating an axis on or in 
relation to which an orthopaedic surgery procedure is to be performed, whidi comprises: 

a, a column member comprising upper and lower parts of which the lower 
. part can.be fastened to a bone, the upper part. having amating surface at its lower 
end which defines an ypper part .mating plane and the low^r part'h2^ving a mating 
sui&ce at.its.upper end vvhich defines a lower part mating plane, the uppe^r.and 
-low^ parts being connected to one an^th^ with the matiiig sm^Euces in contact 
ynih one another in such a way that the upper and lower parts qan Jbe rotated • 
•relative to one another about an axis which is perpendicular to the mating planes, 
the axis being non-parallel to the axes of the upper and lower parts of the column 
meinber,. • 

bv . . a guide having an opening extending through it, which is. fastened to the 
iq)per part of the column member so.thatit extends tr^tisversely relative to the 
. jspp^ part of the column member and .can.be moved.relativQ to the upper part of 
. thecplximnmemb^vsp as: to .change the distance between the.opening and the 
. point at which the guide is .fastened to the upper part of^e column-member. 

The tool of tiie present invention has the advantage that it allows an axis to be located 
accurately relative to a patient's bone accurately and simply. The two parts of the column 
member, provide a .sijnpie meohamsm ford^ the orientation. of ;the 2pd.s,.and the 

movement of the guide relativp tp the upper part of the coljmn member .alloyrs ^election of 
1}ie distance of the axis frqin the colunm me^^ 

Preferably, the guide comprises ^ plate, which has-atieast first and second openings . 
extending tinrough^it, the distance ^omthe point at which the plate is fa^ped to the upper 
part of the column member to the first opening .being greater than the distance .fix)m the 
point at winch the plate is &stened tp the ^per part of &9 column mj^ber to the second 
opening. For example, the pkte can have j^plurah 

arranged on a helical line snomd th^ point at.?kyhich the plate is fastened to the iqjper part of 
the column member. The distance firom the said fastening point to the closest opening is 
preferably not more than about 15 mm, more preferably not more than about 10 mm. 
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Pteferably. the distance fromlhe said fastening point to the opea±ig Whichls furthest from 
the fastening point is at least'about ^0 mm, more preferably at least l^otit 25 imn, 
especially at least about 30 nmi. 

The plate can have the configuration such as would result from it'being formed from a 
contmuous sheet of material; However, the plate can^l^^ 

example compiismg a plurality of spokes in which the openings arfii provided. The spokes 
can be formed from a continuous sheet of material. However, the plate can be formed from 
more than one piece of material: for example, when the plate comprises a plurality of 
spokes, the spokes can beprovided by different pieces of material which are joined 
together to form Uie plate. 

The guide comp)onent.of the instrument can be an arm which .has an opening in it. 
Preferably, Ihe length of the aim can be-varied,.for example by means of tWo telescoping 
parts. The lei^gfh:of the ann can be controlled by means df a driver which moves the parts 
relative to one another, for example by means of a stepping motof . • 

Preferably, the guide can be rotated relative to the upper part of the colmnn member, about 
die point at ^^ch the guide is fastoied to the upper part of the column member. It is 
particular^ preferred that the tool includes a motor for rotating the guide Relative to the 
u^yper part of jfae column member. * 

Preferably, tsudi of the mating surfaces of the upper and lower parts of the column member 
is planar. However, the surfaces might be non-planar, for example to make the engage- 
merit of fte tqpper and lower parts.of the column member more secure; For example, one 
of •the.mating.saiifa^s might have, a recess formed in it, and the other of the mating 
surfaces mi^ have a protrusion which can fit into the,Tecess. The mating'planes that are 
defined by tiie surfeces will generally be defined by the edges of the surfa^ies, and will be 
perpendicular to the axis ajjout which the parts rotate relative.to . one another. = 

Preferably, tiie angle between fiie axis of relative rotation' and the axis of the upper part of 
^e. column member is the same as the angle between that rotation axis and the axis of the 
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ibwer part of the column member; . Preferably, the angle between the axis df relative • • 
rotation and the axisof the lower part of the column member is at least about 5°, more 
preferably at least about 10**j for example about IS*". 

Preferably, the height of thfe column member is at least abdut 25 mm, more preferably at 
i^LSt about 40 T"TTi, especially at least kbout 60 mm. 

Preferably, the instrument includes a motor for rotating i^>per part of the column member 
relative to the Iowct Jiart of the column member. 

Preferably, the instrumtot includes a connector by which the lower part of the column 
member can be fiastened to a bone. For example, the connector can comprise clamp parts 
which are configured to fit on to bone structured. Altematively , the cdmector c kn be fitted 
to wires which are fiistraed to bone structures, for example by insertion into the spinal . 
process in the case of a spinal gqpplicadon. Suitable clamp parts are known, for fitting to a 
patient^s spinal column or to another-tone structure. The lower part of tiie column member 
can be attadbed to the connector, preferably so that rotation of the lower part of the column 
member relative to the bone, around the axis of the lower partof the column member, is 
permitted. Preferably, the instrument includes a motor for rotating the lower part of the 
col\ram member relative to the bone.' 

Preferably, the instrument of the invention includes at least one marker by which the tool 
can- be located reladve to the patient's bone;. Generally, the instrmhent will include a 
plurality of xnaika:s, for exiample two, three or four markers. These can be used to locate 
fht instrument relative to dbatomicd landmarks on the p^tiebf s bone^ or relative to markers 
which have been implanted in the patient's bone; The nature of the markers will depend on 
the nature of the mooitoiing^^stem vduch is being used to locate the. instrument. For 
example, fixe n^eis can l>e selected to be visible-using fluoroscopic techniques, or the 
instrument can have ai shadow vMch is uniquely- ideixlifiable in the "fluoroscopic image. 

Preferably, the guide compohent of the ihstrumfent made fifoma rtidid-tiranslUQent 
material ^o ti^at it does not prevent ttie creation of images of the patient* s bone. Other 
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components oftlie. instrunx^t can also be made:fix>in radio-translucent material. However, 
it can be preferred for other components to. be made firom metals in some cases. Examples 
of suitable metalls mig^t include certain stainless steels and titanium-based alloys. 

Preferably, One or more motors which are incorporated in the instrument are. controlled . 
using appropriate computer.apparatus. For example, the motors might be stepping motors, 
controlled by appropriate pulse drive signals which are generated by a computer. 

in anotnef aspect^ me mvennon proviaes a naviganon system ror locamig an axis on or m 
relation to which an orthopaedic surgery procedure is to be performed, which comprises a 
navigation toohas discussed above. The system can include other components. For 
example, it can ihchide a cutting .tool which can be used to cut the bone along an a?ds &at 
is determined by the navigation tool. The cutting tool can be a drill. The cutting tool can 
fit tibiough the opening^in the guide when s^propriately aligned relative to a patienf s bone, 
to driU a hole in the bon^. Alternatively, a separate guide can be positioned using the / 
navigation tool of theonvention, which is then used to. align adrill or other cutting tool. 

The.navigation system of the invention can include a computer which i&used to ..control the 
navigation tool; for example, to provide drive signals to motors by which components of the 
navigation tool are moved relative to one another. The navigation system can include 
sensors for determining the location of the navigation tool. 

Embodiments of the present invention will now be described-.by way of exarnple^with 
reference to.the jacoompanying drawingsi in which: : 

Figure 1. is a side view of the navigation* tool of the present invention. 

Figure 2 is.A plan view of the tool, shown in Figure 1 . 

Figure 3 is an isometric view of a clamp v/bich can be used to fiisten the navigation tool to 
apatient'S spinal cohuniu... 
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Figure 4 is a view of flie joavigation tool of the piesent invention positioned in relation to a 
patient's spinal colunm so as to. enable the axis for a drilling step intp.t^ie pedicle to be . . 
defined. 

Referring to the drawings. Figure 1 shows.a.n^vigation tool 2 which comprises a column 
member haying an upper part 4 ond a lower part 6. The lower part 6 .oan b.e festened- to .a. 
clamp 8 which can be fitted to a patient's bone. 

The tool 2 includes a guid^plate jO^. . 

The upp^ part 4 of ^e^polumn member has a lower £^c^ which defines a mating plane 12, 
which is inclined to t^e axis 14 of the upper part at an angle of 1 S Similarly, the lower 
part 6 of the column membei; has an iq)perface which is; inclined to the axis 18 pf the lower 
part an angle of IS*". .Thploiwr.face of the upper part and the upper face of thq lower-part 
are in face-to-&ce contact with one another on tbe madng plan^. « . 

The tool includes a guide plate 10 which is fistened to the upper part 4 of &e column 
member at (pr towards) its upper end. As shown in Figure 2, the guide plate has a $eries of 
openings 20 extending through it^ arranged on the surface of the guide.plate on a line^ 24 
which follows a;helical path around :the centre-of the plate. 

The lower part 6 of flie column member is able to rotate relative to the clamp 8. The guide 
plate 10 is. able to rotate relative to the upper part 4 ofvthe column member; , The upper part 
4 of the column member is able.to rojatp on the mating plane 12 relative to the lower part 
6. Relative rotation between the upper and lower parts of the column member causes the 
angle betwe^ the axes 14, >18 to change, between 0^ as shown in Figure 1 and 30^ when 
the upper part has been rotated relative to the lower part through 180**. Motors are 
provided in the. column member by which the relative rotation of adjacent parts of the 
navigation tool can be controlled Signals for driving the motors in the column member 
can be generated using a computerhavixig appropriate software. For example,, when the 
motors an& stepping motors, the control system can generate pxilse signals to drive the 
motors. 
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Figure 3 shows a clamp 40 which is festened to a patient's yertefara .42» and which provides 
aplatfoim 44 on which the tool of flie invention can benaounted. The precise fonn of iSxt 
clamp is not in^rtant to the function of the tool. The clamp should provide a secure 
mounting platfonn which i& located stably relative to the bone. Such clamps are known. 

Figure 4 shows a vertebra 50 viewed, along the spinal axis which has a navigation tool • 
according to the present invention.held in relation thereto in order to allow a drilling axis 
52 to be identified so that a hole can be drilled into the patients pedicle. 

Use of the system of the present invention to define the axis for drilling into a patient's 
bone (for example the spinal pedicle) involves the following sequence of steps. . , . 

1; The location of a dbiUaxisis.determned in preK>pe^ 

appropriBle.images of the pati^f s bone, so that theiocation of the axis is known relative to 
referrace points on the patients bone.(which.can be provided by implanted markers or by 
anatomical landmarks). 

2. ' A small incision is made to allow access to the patient's bone. 

3v • Tlie clamp for the navigation tool is fastened to thetbone, for example by dir^ 

engaging the bone tissues^ or by means of previously fixed wires. 

4. • • The toolis positioned in a reference configuration. 

5. The location and orientation of the tool is determined relative to implanted 
miaikers or anatomical landmarks on tiie patient's bone using appropriate inspection or 
scanning. instrumentation. Hor example, a fiuoroscopic.imaging system could.be used to 
generatetwo calibrated, stereoscopic, synchronized.images. to identify the location of the 
drill guide and the bone to which it is attached in 3 dimensional space. The trajectory of tide 
drill can then be planned and the resultantoaxis and ciinsction of the guide programmed 
fiom this plan. The orientation of the guide could then be positioned as described below. 

6; . Drive signals are supplied to the navigation tool of the ihveixtion, involving * 
relative movement between (a) the upper and lower parts of the colimm member,^^ (b) the 
lowOTpart.o£the column member and the clamp, and (c) fhe.iq)per part of the column 
meniber.and the guide plate, so that one of the openings inihe guide plate is positioned and 
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Figure 3 shows a clamp 40 which is &steiied to a patient's vertebra .42, and which provides 
a pktfoim 44 on wMch the tool ofthe invention can be mounted. The precise form of the 
clamp is not inQ>ortant to the function of the tool. The clamp should provide a secure 
mounting platform which i& located stably relative to the bone. Such clamps are known. 

Figure 4 shows a vertebra SO viewedalong the spinal axis which has a navigation tool • 
according to the present invention.held'ini:elation thereto in order to allow a drilling axis 
52 to be identified so that a hole can be drilled into the patient's pedicle. 

Use of the system of the present invention to define the axis for drilling into a patients 
bone (for example the spinal pedicle) involves the followdng sequence of steps. ... 

1; The location- of a driU axis. is. determined in pre-operativeplan^ 
appropriateims^es of the patient's bone, so that thelocation of the axis is known relative to 
reference points on the patient!s bone.(which.can be provided by implanted markers or by 
anatomical landmarics). 

2. ' A small incision is made to allow access to the patient's bone. 

3v . • The clamp, for the navigation tool iS fastened to tiieibone, for example by directly . 

engaging the bone tissues, or hy means of previously fixed wires. 

4. ' The tooMs positioned in a reference configuration. 

5. The location and orientation of the tool is determined relative to implanted 
xniEurkers or anatomical landmarks on the i3atienf s bone using appropriate inspection or 
scanning. instrumentatioxL- Eor example, a fluoroscopic.imaging system could be used to 
generatetwo calibrated;;-stereoscopic, synchronized.images to identify the location of the 
drill guide and the bone to which it is attached in 3 dimensional space. The trajectory of the 
drill can then be planned and the resultant -axis and. direction of the guide programmed 
from this plan.. The orientation of the guide could then be positioned' as described below. 

6. . Drive signals are supplied to thenavigatioh tool of the invention, involving ' 
relative movement between (a) the upper and lower parts of the colunm member,, (b) the 
lower part.ofthe colugm memb^ and the clamp, and (c) th&.iq)per part of the column 
member.and the guide plate, so that one of the openings intiie guide plate is positioned and 
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oriented i5>propriately to define a drill axis extending into the pktient's bone^ consistrat * * 
with tbat defined inthe pre-^perative planning. 

7, A drill is used extending along the axis^defined by ih6 opening in the gtiide 
member to form a bore in flie bone. 
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CLAIMS : 

1. A navigation tool for locating aq axis on or in relation to which an ortttppaedic 
suxgqy procedure is to be peifoimed, ^ch comprises: 

a. a column member comprising upper and lower parts of wiiich the lower 
part can be fastened to a bone, the upper part haviog a mating surfece at its lower 
end which defines an upper part mating plane and the lower part having a mating 
surface at its upper end which defines a lower part mating plane, the upper and • 
lower parts being connected to one another with the mating surfaces in contact 
with one another in such a way that the upper and lower parts can be rotated 
relative to one another about an axis which is perpendicular to the matmg planes, 
the axis being non-parallel to the axes of the upper and lower parts of the column 
member, 

b. a guide having an opening extending through it, v\*ich is festened to the 
upper part of the column member so that it extends transversely relative to the 
upper part of the column member and can be moved relative to the upper part of 
the column mranber so as to change the distance between the opening and the 
point at which the guide is fastened to the upper part of the column member. 

2. A tool as claimed in claim 1, in which the guide comprises a plate which has at 
least first and second openings extending through it, the distance fi^om the point at which 
the plate is fastened to the upper part of the column member to the first opening being 
greater than the distance fi:om the point at which the plate is festened to the upper part of 
the column member to the second opening. 

3. A tool as claimed in claim 2, in which the plate has a plurality of openmgs 
extending through it, ananged on a helical line around the point at which the plate is 
fastened to the upper part of the column member. 
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4. A tool as claimed in claim 1 , in which the guide can be rotated relative to the 
upper part of the column member, about the point at which the guide is fastened to the 
i^>per part of the column member:*. . 

5. A tool as claimed in claim 4, which includes a motor for rotating the guide relative 
to the upper part of the column member. 

6. A tool as claimed in claim 1 , which includes a motor for rotating upper part of the 
column member relative to the lower part of the column member. . : * 

7. A tool as claimed in claim 1 , which includes a coniiector by which the lower part 
of the column member can be fastened to a bone. 

8. A tool as claimed in claim 7, in which the connector permits rotation of the lower 
part of the column member rdative to. the bone, around the axis of the lower part of the 
column member. 

9. A tool as claimed in claim 8,which includes a motor for rotating the lower part of 
fte column member "relative.*to the bone. • 

10. A tool as claimed in claim 1, which includes at least one marker:by which the tool 
can be located relative to the patient's bone. . 

Ih A navigation system for locating an axis on or in relation to which an orthopaedic 
surgety procedure is to be perfoniied, which comprises a navigation tool as claimed in 
claim 1 , and a cutting tool which can be used to cut the bone along an axis that is 
detemiined by the navigation tool. 
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FIG, 2 
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